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@ A water absorbent crosslinked polymer and a method of producing the same.

@ A water absorbent crosslinked polymer having at least
70% by weight of acrylic acid monomeric units, 60 to 90% of
the carboxyl groups of which are in the form of an alkali metal
salt, produced by a method in which a mixture comprised of
acrylic acid, 60 to 90% of the carboxyl groups of which are in
the form of an alkali metal salt, and a fibrous cellulosic material
is heated in the presence of a radical initiator. The polymeriza-
tion temperature can be effectively controlled by smooth
evaporation of water. The crosslinked polymer can absorb
such a large amount of water as several hundred times the
weight of the polymer in an excellent absorption rate, and finds
applications as, for example, a disposable diaper and a sanitary
napkin.
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This invention relates to a water absorbent
crosslinked polymer and a method of producing the
same. More particularly, this invention is concerned
with a water absorbent crosslinked polymer having at
least 70 % by weight of acrylic acid monomeric units,
60 to 90 % of the carboxyl gfoups of which are in the
form of an alkali metal salt, and a method in which a

mixture comprised of aérylic acid, 60 to 90 % of the

carboxyl groups of which are in the form of an alkali

metal salt, and a fibrous cellulosic material is
heated in the presence of a radical initiator.

Known in the art are water absorbent polymers
having acrylic acid monomeric units which can absorb
water in an amount of several hundred times the weight
of the polymer, exhibiting a high absorbency'to urine
and menstrual blood as well. The poiymers are useful

to produce a disposable diaper, a sanitary napkin or .

" the like through a process comprising spreading the

polymers in a pulverized form over a substrate such as
tissue paper, pulp material or the like. With respect

to such water absorbent polymers, there are many pub-

- lications. For example,  U.S. Patent No. 3,669,103

discloses the following teaching. A water soluble
polymer produced from a monomeric component such as

acrylic acid and acrylamide exhibits a high degree of
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water absorbency when crosslinking of the polymer
molecules is effected, As the method of effecting the
crosslinking, there may be mentioned, for example, a
method in which copolymerization is effected using a
bifunctional monomer such as N,N-methylenebisacryl-
amide.

Generally, water absorbent polymers having
acrylic acid monomeric units are produced by sub-
jecting an aqueous solution of monomeric components
containing acrylic acid as a major component which has
been neutralized with a caustic alkali to give a
neutral pH value to copolymerization reaction in the

presence of a water soluble radical initiétor. As

- minor components which may be optionally incorporated

into the aqueous solution, there are known various
comonomers such as acrylamidevand maleic anhydride,
and'various crdsslinkable monomers. . With respect to
the crosslinking of thé polymer molecules, in addition
to the above-mentioned method, there may be mentioned

another method in which a crosslinking agent is

reacted with the functional groups of a formed polymer .

during heat drying. In this connection, reference may
be made to Japanese Patent Application Laid-Open
Specification No. 55-84304/1980. |
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In the known processes of producing a water
absorbent polymer having acrylic acid monomeric units,
a difficulty is encountered in controlling the poly-
merization reaction of an aqueous solution of mono-
merié components. When a radical initiator is added
to an aqueous solution containing 40 % by weight or
more of acrylic acid neutralized with sodium hydroxide
to give a neutral pH value and the resulting mixture

is heated, there rapidly occurs a polymerization reac-

.tion while producing a partially self-crosslinked

polymer. After the initiation of the polymerization

. reaction, the viscosity of the aqueous solution

increases and a gel is formed with the progress of
crosslinking. While the polymerization reaction is
accelerated due to the elevation of the temperature
which is attributed to the heat of reaction, evapora-
tion-of the steam-.-out ~of the reaction system is
hindered aue to the increased viscosity-and the gela-
tion of the mixture. As a result, removal of the heatv
of_reaction becomes difficult, and the reaction
proc;éds uncontrollably with the formation of a
popcorn-like material. Especially when -the reaction
system becomes a gel, a generally known "gel effect"”

occurs to further increase the reaction rate, thereby

causing controlling of the polymerization reaction to
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be more difficult.
To obviate such a difficulty, there have been

proposed the following polymerization methods. One of

.them is a reverse phase suspension polymerization

method in which polymerization is effected in a dis-
persion having fine particles of the aqueous reaction -
solution disperséd in an oily phase. With respect to
this method, reference may be made to, for example,
Japanese Patent Application Laid-Open Specification

No. 53-46389/1978. Another is a method in which poly-
merization is effected using a redox system radical
initiator in a reaction vessel, which has a large
contact area and thus can be advantageously utilized
permitting contiol of the temperature, at a relatively
low temperature, i.e. a temperature less than 80 °C,
over a prolonged period of time. In this method, -
crosslinking during the polymerizatién step can be
prevented, ané crosslinking of the polymer molecules
cén be effected during the heat drying step by the use
of a polyhydric alcohol as a crosslinking agent. With
respect to this method, reference may be made to

Japanese Patent Application Laid-Open Specification

‘No. .55-84304/1980,

" In the former method, it is possible to poly-
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merize acrylic acid in a high concentration aqueous
solution. However, this method is disadvantageous

because in this method a large amount of a hydrocarbon

_solvent must be used and a countermeasure against a

fire is required, thereby inevitably leading to an
increase in manufacturing cost. Further, in this
method, it is difficult to practice a continuous
process.  |

In the latter method, a continuous polymerization
process is feasible. However, this method is also
disadvantageous because in this methoa the polymeriza-
tion reaction requires a prolonged.reéction time and a
complicated polymerization apparatus, and because in
this method the concentration of the aqueous reaction
solution is to be kept low to ensure controlling of
the heat of polymerization. Therefd}e, in this method

as well, reduction of the manufacturihg cost cannot be

?expected.

As is apparent from the foregoing, all of the

-prior art methods are advantageous in some points but

disadvantageous in other points.

With a view to developing a method of producihg a
water absorbent polymer having acrylic acid monomeric
units which method is free from the above-mentioned

drawbacks, we have made extensive and intensive
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studies, changing reaction conditions and making
various trials. |

As a result, it has unexpectedly been found that
when a relatively small amount of pulp fibers are
dispersed in an aqueous solution containing 30 % by
weight or more of acrylic acid which has been neutral-
ized with caustic alkali to give a neutral pH value
and the resulting dispersion is heated to effect poly-
merization reaction in the presence of a radical
initiator such as potassium persulfate (hereinafter

often referred to as "KPS"), the polymerization tem-

. perature can be effectively controlled due to the

smooth evaporation of water from the reaction mixture.

It has also unexpectedly been found that the resulting

. polymer product can absorb such a large amount of

water as several hundred times the weight of the
polymer in an excellent absorption rate. Based on
these novel findings, the present invention has been
completed. |

It is, therefore, an object of the present inven-
tion to provide a novel water absorbent crosslinked:

polymer having acrylic acid monomeric units containing

- a fibrous cellulosic material, which can absofb such a

large amount of water as several hundred times the
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welght of the polymer in an excellent absorption rate.
It is another object of the present invention to

provide a novel method of producing such an excellent A

water absorbent crosslinked polymer which ensures

stable operations and is‘free from the above-mentioned
drawbacks of the prior art.

The foregoing and other objects, features and
advantages of the present invention will be apparent
to those skilled in the art from the following
detailed description and applended claims taken in
connection with the accompanying drawing which shows
the effect of a cellulosic material én the control ofl
polymerization temperature.

In one aspect of the present'invention, there is
provided a water absorbent crosslinked polymer having
at least 70 % by weight, based on _t_he total w,eiglht of
sald polymer, of acrylic acid ménomérie unité, 60 to
90 & of the carboiyl groups of said acrylic acid
monomeric units being in the form of an alkali metal
salt, produced by a method described below.

In another aspect of the present invention, there
is provided a method of producing a water absorbent
crosslinked polymer having atrleast 70 §2by weighﬁ,
based on the total w.eight of said polyfner, of acrylic

acid monomeric units, 60 to 90 % of the carboxyl
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groups of said acrylic acid monomeric units being in
the form of an alkali metal salt, which comprises the
steps ofﬁ

.1) providing an aqueous solution comprising
water, at least 30 % by weight, based on the total
weight of said aqueous solution, of acrylic acid as a .
monomeric component, 60 to 90 % of the carboxyl
groups of said acrylic acid being in the form of an
alkali metal salt, and a radical initiator;

2) mixing the aqueous solution with a fibrous
cellulosic material to obtain an aqueous mixture,

thereby enabling the water of said mixture to smoothly

. evaporate at heating so that when said mixture is

heated in the following step 3), thé maximum tempera-
ture-of said mixture is controlled as a result of a
balance between the heat generation aue to the poly-

merization reaction and the heat radiation by smooth

. water evapération~due‘to-the fibrous cellulosic

material;

3) heating the obtaihed mixture to effect poly-
mer;zation of said monomeric component, thereby
obtaining a reaction product ¢onta;ning a crosslinked
polymer together with the fibrous cellulosic material;

and
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4) subjecting said reaction product to heat
drying, followed by pulverization.

Referring now to the accompanying drawing, expla-

nation will be given on the effect of a fibrous cellu-

" losic material on the control of the polymerization

temperature. To a 40 % by weight aqueous solution
containing one mole of acrylic acid of which 80 % of
the carboxyl gréups was neutralized with sodium
hydroxide to give the sodium salt thereof was added
0.2 % by weight of KPS to prepare Solution I. To
portion of Solution I was added N,ﬁ-'-methylenebis—
acrylamide in an amount of 0.15 % by weight based on
the weight of the acrylic acid of Solution I to give
Solution II. To each of these aqueous solutions was
added a purified fibrous pulp in predetermined amounts
to obtain homogeneous dispersionms. i‘he ‘thus obtained
dispersions were placed in 500 ml-beakers and sub-

jected to heating on.a hot plate. When there was

observed the initiation of a polymerization reaction

with the generation of steam, the heating was stopped,
followed by measurement of the maximum temperature of
the reaction system by means of a thermometer placed
in the central part of the reaction mixture. In the
drawing is shown a relationship between the maximum

temperature of the reaction mixture and the content of

- 10 =
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fibrous pulp in terms of percentage of the fibers in
the dried product. As is seen from the drawing, in
the case of Solution I having no crosslinking agent
added thereto, the addition of about 5 % by weight or
more of fibrous pulp was effective to remove the heat
of polymerization through the smooth evaporation of

water, thereby preventing a rapid elevation of the

polymerization temperaturg and ensuring effective

control of the reaction. On the other hand, in the
case of Solution II from which a gel was formed during

the polymerization step due to the presence of a

~crosslinking agent, about 14 % by weight or more of

pulp content was heeded for controlling the poly-

| nerization reaction. When the reaction mixture

contained no fibrous pulp, the reaction proceeded
uncontrollably with the formation of a popcorn—iike
material.- From these test results,-it has been con-
fiimed that the polymerization reaction can be effec-
tively controlled by the presence of a fibrous cellu-
losic material.

In the present invention, in an aqueous solution
containing at least 30 % by weight, based on the total
weight of the aqueous solution, of a monomeric compo-

nent is'dispersed a fibrous cellulosic material in an

- 11 -



10

15

20

25

R 0189163

amount ratio of monomeric component to cellulosic
material of from 95/5 to 50/50 by weight, so that when
the mixture is heated in step 3, the maximum tempera-
ture of the mixture is controlled in the range of from
just above 100 °C to about 110 *C. The resulting
mixture is subjected to polymerization reaction. That
is, the mixture is heated at a temperature of about 60
®* to about 110 °C, preferably about 80 ® to 100 °C.
The heat of polymerization can be removed due to the
smooth evaporation of water from the mixture. - The
polymerization reaction proceeds rapidly under con-
trolled conditions, and generally terminates within 10
minutes. A preferred content of a monomeric component
in the aqueous solution is 30 % by weight or more from
the viewpoint of production efficiency. It is espe-
cially preferred that the content do not exceed 60 %
by weight from the viewpoint of the solubility of
alkali metal‘&crYlafes in water. : B

The fibrous cellulosic ﬁaterial incorpbrated in
the aqueous solution exerts its effect by the forma-
tion of passageé throﬁgh whiéh the sfeam can smoothly
evaporate from fhe polymerizatioﬁ mixture heaﬁed by
the heat of polymerizatioﬁbup ﬁo a temperature exceed-
ing 100 °*C. It is surprisiﬁg that the iﬁcorpotation

of a fibrous cellulosic‘material‘haé‘é markéd_effect

- 12 -
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even in a small amount as shown in the drawing. Thus,

it is to be noted that an aqueous solution containing

acrylic acid in a high concentration can be subjected
to polymerization in a simple form of reactor under
controlled conditions. Therefore, the method of the
present inyention is extremely advantageous over the
conventionél methods from the economical point of

view.

The kind of the fibrous cellulosic material to be -

employed in the present invention is not critical.

However, it is generally preferred that a chemically

- purified wood pulp, cotton linter pulp or the like be

employed. The term "pulp" used herein means a mass of
£ibrous pieces composed of cellulose as the major
component. The pulp to be incorporated is brought to

pieces, and is dispersed homogeneously in the aqueous

. solution to give a mixture containing fibrous pieces

dispersed therein.
The size of the fibrous cellulosic material is

not critical. However, in the present invention, it

.is preferred that the fibrous cellulosic material have

a length of 0.5 to 10 mm and a diameter of 1 to 50

denier. The amount ratio of monomeric component to

 £ibrous cellulosic material in the present invention

- 13 -
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is in the range of from 95/5 to 50/50 by weight. The
use of the fibrous cellulosic material over this range

is disadvantageous because the presence of more pulp

- causes pulverization of the dried product into a

uniform pulverized product to be difficult. On the
other hand, the use of the fibrous cellulosic material
under this range is disadvantageous from the viewpoint
of éontrolling of the polymerization reaction.

Moreover, it should be noted that in addition to
the controlling of the polymerization reaction, the
incorporation of a fibrous cellulosic material has an
effect of accelerating the drying of water-containing
product and also an effect of improving of the absorp-
tion rate of the ultimate pulverized product. These
effects will be easily understood from the fact.ﬁhat
the incorporation of a fibrous celluiosic material
renders the ultimate solid product porous..

As the materials to be optionally added in the
present invention, there may be mentioned a wide
variety of known compounds. In the present  invention,
a water soluble monomeric component such as meth-
acrylic acid, maleic acid, fumalic acid, acrylamide,
and methacrylamide may be copolymerized as a minor
component. There is no significant difference between

the homopolymerization of acrylic acid and the copoly-
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merization of monomers héving acrylic acid as a major
component with respect to the characteristics of poly;
merization reaction. The same is true with respect to
the effect of fibrous cellulosic material incorpo-
ration on controlling of the polymerization reaction.
In the present invention, the agueous solution of
acrylic acid may also comprise starch or a water |
soluble cellulose derivative such as carboxymethyl
cellulose which forms a graft polymer durihg Ehe polyé
merization reaction (see Japanese Patent Application

Laid-Open Specification No. 56-~70011/1981). 1In this

."case as well,the effect of fibrous cellulosic material

incorporation on the controlling of polymerization
reaction is substantially the same as that in the case
of the homopo;ymerization. '

iCrosslinking between the oolymer molecules may be.
effected by-(;).self-crosslinkiog, (2) copolymeriza-
tion with a crosslinkable polyfunctional monomer and
(3) post-crosslinking of the produced polymers by a
crosslinking agent. |

Self-crosslinking occurs when the aqueous solu;

tion contains 30 % by weight or more of a monomeric

‘comPOnent.

As the crosslinkable polyfunctional monomer to be

- 15 -



10

15

20

25

0189163

used in the copolymerization, there may be mentioned,.
for example, N,N'-methylenebisacrylamide, ethylene |
glycol bisacrylate, polyethylene glycol bisacrylate,
and the like.

As the post—crosslinking agent to be used for thé
post-crosslinking, there may be mentioned, for
example, diethylene glycol, glycerin, ethylene glycol
diglycidyl ether and the like.

Of the crosslinking methods, copolymerization
with a crosslinkable polyfunctionai monomer and post-
crosslinking of the produced polymers by a crosslink-
ing agent are generally preferred from the viewpoint
of crosslinking density.

The abové-mentioned qrosslinking agénts and
methods of crosslinking are generally known in the
art. ;

In the present invention, the aqueous solution
conﬁains, at least 30 % by weight, preferably 30 to 60
% by weight, based on the total weight of the agueous
solution, of a monomeric component of which 60 to 90 %
of the carboxyl groups are in the form of an alkali
metal salt. Conversion of 60 to 90 %, preferably 60
to 80 %, of the carboxyl groups of the monomeric

component into an alkali metal salt may be effected

- according to various methods. For example, it may be

- 16 -
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effected by adding a predetermined amount of a caustic
alkali solution, such as sodium hydroxide solution, to

the solution of the monomeric component. The above-

,_mentiohed aqueous solution generally exhibits a

neutral pH in the range of 5 to 8.

In the present invention, a radical initiator may
bé'added to the aqueous solution in an amount of 0.001
to 1.0 %, based on the total weight of the aqueous |
solution. As the suitable initiator, there may be
mentioned, for example, hydrogen peroxide, ammonium

persulfate, sodium persulfate, potassium persulfate,

- peracetic acid and the like.

Incorporation of a fibrous cellulosic material in
the aqueous solution should be carried out in a manner
minimizing the damage of tﬁe fibrous cellulosic
materials., If the fibrous material is démaged thereby
to give a powdery material, its absorbency of the
agueous solut£on decreases. As a result, the(abso;p-
tion of the heat of polymerization and the smooth
evaporation of water from the aquéous solution cannot
be attained effectively. In the case where a pulp
material is employed as the fibrous cellulosic |
material, a roughly broken pulp material is mixed with

an agqueous solution and brought to pieces in the wet

- 17 =
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form to obtain a uniform dispersion having less'
damaged fibrous pulp therein; |

Polymerization reaction of the monomeric compo-
nent can be allowed to proceed by heating the reaction
mixture, during which the steam comes out of the
reaction mixture due to the heat of polymerization.
With the progress of the polymerization, the viscosity -
of the reaction mixture increases and a gel is formed,:
bu; the smooth evaporati&n of water can be assured by
stirring the mixture. Moreover, the polymerization
may be readily carried out in a continuous manner.

The resulting polymerization product is there-
after subjected to heat drying by means of a drier
such as drum drier, followed by pulverization thereof.
The pulverized product is composed of a fibrous cellu-

losic material and a water absorbent~polymer attached

thereto. The higher the fibrous cellulosic material

. content, the lower the apparent density of the ulti-

mate pulverized product. On the other hand, the
absorbency of the pulverized produét increases in
proportion to the polymer content.

The pulverized product is often applied by
spreading the same over a paper or other fibrous
substrates in the process for producing a disposable

diaper, a sanitary napkin or the like. 1In such a

- 18 =
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case, a pulverized product having a relatively low
apparent density exhibits a good compatibility with
the paper or substrate and is excellent in adherence
to the paper or substrate even under a physical
influence such as vibration. The apparent density of
the pulverized product can be regulated in the present -
invention in a mannér mentioned above. The water
absorbency of the product of the present invention can
be varied in the range of 100 to 1000 times the weight
of tﬁe polymer by varying the crosslinking density of
the polymer. The product is also highly adsorbent of
urine and blood, and therefore can be suitably
enployed as an absorbent for disposable diapers,
sanitary napkins or the like.

. The product of the present invention is excellent
in absorption rate over the conventional polymers used
for disposable diapers, - sanitary napkins or the like.
The absorption rate is a property which is very impor-
tant for the above purposes.

According to the present invention, there are

- provided a crosslinked polymer which can absorb such a

large amount of water as several hundred times the
weight of the polymer in an excellent absorption rate,

and a novel, efficient process for producing such a

- 19 -
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The present invention will be illustrated in more
detail with reference to the_ following Examples, which
should not be construed to be 1limiting the scope of
the present invention. The parts are by weight unless

otherwise indicated.

Example 1
To a solution made by dissolving 30 pai:ts of

sodium hydroxide (purity: 93 %) in 80 parts of water

~was added 72 parts of acrylic acid to prepare an

aqueous solution. The solution had a pH value pf 5.2,
70 % of the entire amount of the acrylic acid had been
converted to its sodium salt. To the obtained solu-
tion was added 0.2 part of potassium persulfate.

120 parts of the resulting aqueous solution were

sprayed over 40 g of commercially available absorbent

cotton. The solution was allowed to permeate evenly

into the cotton to obtain a mixture. The mixture was
put in a reaction vessel, flushed with nitrogen gas
and closed. The ve_ssel was heated. When the tempera-
ture of the mixture was elevated to abdut 80 °C,
initiation of polymerization reaction was»observed.
When the temperature of the mixture was further

elevated and water evaporation was observed, heating

- 20 -
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of the vessel was stopped. At this time, the tempera-
ture of the mixture was about 100 °C. The polymeriza-

tion reaction within about 5 minutes. The maximum

- temperature of the mixture was about 103 °C,

Thereafter, the resulting product was dried at a
temperature of 120 °C and pulverized into a powdery
material. It was found that the powdery material
contained 40 % of fibrous cellulosic material based on
the weight of the dried product. The absorbency of
the product was measured as follows. 1 g of the

powdery product was separately put in a large volume

- of water and a 0.9 % sodium chloride adqueous éolution,

and 30 minutes later the formed gel was filtered with
a 60-mesh sieve and subjected to weighing. Results

are shown in Table 1.

Table 1 Absorbency (g/g)

Water - 0.9 % NaCl Solution
Powder 180 22
Polymer*
{Calculated) 450 54

* Absorbency of the polymer contained in the powdery

product

- 21 =
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64 parts of sodium hydroxide (purity: 93 %)

Examples 2 to 5

were dissolved in 234 parts of water to obtain a
solution. To the solution were added 144 parts of
acrylic acid and 0.1 part of N,N'-methylenebisacryl-

amide, and, after cooling, was added 0.4 part of

potassium persulfate. The resulting aqueous solution

had a pH value of 5.5. 75 % of the entire amount of
the acrylic acid had been converted to its sodium
salt.

In the aqueous solution was dispersed evenly a
commercially available chemically purified absorbent

pulp in proportions as indicated in Table 2.

Table 2
Example aqueous solution absorbent pulp
2 110 parts 5 parts
3 70 parts 5 parts
4 50 parts ' 5 parts
5 30 parts 5 parts

These mixtures were heated in nitrogen atmosphere
while stirring substantially in the same manner as

described in Example 1. Polymerization reaction pro-

- 22 -
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ceeded with vigorous generation of steam and termi-
nated within 10 minutes. It was found that the
temperature of the reaction mixture never exceeded 104
‘C.

The above-obtained products were dried on a drum
drier having a surface temperature of 130 °C, and
further in a drier kept at 120 °C. After drying, the
products were pulverized.

Absorbencies of the pulverized products were

measured in substantially the same manner as in

- Example 1., Pulp contents were calculated on the basis

of the weight of the prqducts{ Results are shown in
Table 3. |

- 23 -
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Table 3

Absorbency
Content of
Pulp (%) Water (g/g) 0.9 % NaCl

Example _Solution (g/g)

2 Powder 9 565 53
Polymer 620 : 58
(calculated)

3 Powder 15 520 48
Polymer . 610 56
(calculated)

4 Powder -21 ' 480 40
Polymer _ 605 51
(calculated) . :

5 Powder 30 410 31
Polymer 580 44
(calculated)

Example 6 .

..33.5 parts of -sodium hydroxide (purity: 93 %)
were dissolved in 131 parts of water to obtain a
solution. To the solution were added 64.8 parts of
acrylic acid, 8.6 parts of methacrylic acid and 0.06
part of ethylene glycol diacrYlaté, and, after cool-
ing, was added 0.2 part of ammonium persulfate. The
resulting aqueous solution had a pH value of 5.7. The

molar ratio of methacrylic acid to acrylic acid was

- 24 -
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1/9,‘and 78 % of the entire amount of these acids had
been converted to their sodium salts.

To 100 parts of the above-obtained aqueous solu-
tion was added 12 parts of commercially available
absorbent pulp to obtain a uniform mixture. The
mixture was heated in nitrogen atmosphere while stir-
ring substantially in the same manner as described in
Example 1. Polymerization reaction proceeded with the
generation of steam and terminated within 10 minutes.
Temperature of the reaction system rose up to 103 °C.
The obtained product was treated in substantially the
same manner as in Examples 2 to 5 to obtain a dried
powder. The powder contained 25 % of pulp. Results
of measured absorbency are shown in Table 4.

Table 4

Absorbency (g/g)

" Water 0.9 % NaCl Solution

Powder 410 , 35
Polymer 550 47
(Calculated)

Example 7

To a solution made by dissolving 30 parts of

sodium hydroxide (burity:»93 $) in 73 parts of water

- 25 -
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was added 72 parts of acryli»c acid to prepare an
aqueous solution. The aqueous solution had a pH value
of 5.2, 70 % of the entire amount of the acrylic acid
had been converted to its sodium salt. To the

obtained solution were added 12 parts of soluble

starch and 0.2 part of potassium persulfate.

5.8 parts of absorbent pulp were dispersed evenly
in 80 parts of the resulting aqueous solution to
produce a mixture. The mixture was heated in nitrogen-
atmosphere while stirring substantially in the same
manner as described in Examplé 1. Polymerization
reaction proceeded.with the.- generation of steam and
terminated within 10 minutes. The maximum temperature
of the reaction system was 103 °C. The obtained
product was treated in substantially the same manner

as in Examples 2 to 6 to obtain a dried powdery

product. The product had a pulp content of 12 % as.

calculated on the basis of thé weight of the dried
product. Results of the measured absorbency are shown

in Table 5.

- 26 -
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Table 5

Absorbency (g/g)

Water 0.9 % NaCl sSolution

Powder : 405 37
Polymer 460 42
(Calculated)

Example 8

To a solution made by dissolving 34.4 parts of
sodium hydroxide (purity: 93 %) in 148 parts of water
vwere added 72 parts of acrylic acid, 0.1 part of
diethylene glycol and 0.1 part of potassium persulfate
to prepare an aqueous solution. The solution had a pH
value of 6.0. 80 % of the entire amount of the
acrylic acid had been converted to its sodium salt.

5 parts of absorbent pulp was dispersed evenly in
"80 parts of the above-obtained aqueous solution to
prepare a mixture., Then, the mixture was heated in
nitrogen atmosphere while stirring substantially in
the same manner as described in Example 1. Polymeri-
zation reaction proceeded with the generation of steam
and terminated within 16 minutes., Maximum temperature
of the reaction system was 103 °C.

The obtained product was cut to pieces and dried
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in a vacuum drier at room temperature. The pieces
were partially soluble in water and could not be
subjected to measurement of absorbency.

Separately, another'portiqn of -the product was
dried in a drier at 130 °C for 2 hours and thereafter
pulverized to obtain a powdery product. The powdery
product had a pulp content of 16 % as calculated on
the basis of the weight of the powdery product.

Results of measured absorbency are shown in_Table 6.

Table 6

~ __Absorbency (g/g)

Water 0.9 % NaCl Solution

Powder 320 31
Polymer 380 37
(Calculated)

Comparative Example

AnAaliquot of the aqueous solution as employed in
Examples 2 to 5 was poured into a vessel made of
stainless steel to form a thin layer of the solution
having a thickness of 4 mm. The vessel was put on a
hot plate maintained at a temperature of 100 °C and

the vessel was flushed with nitrogen gas. Because the
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reaction mixture was in the form of a thin layer,
water evaporation was smooth, and the polymerization
reaction was completed within about 10 minutes.

-- The resulting product obtained in the form of a
sheet was dried in a dryer at a temperature of 120 °C
for 4 hours and pulvulized into a powdery product to
obtain a comparative sample. The powdery product
obtained in Example 2 and the above—mentibned compara-
tive sample were.sifted with a sieve to obtain respec-
tive powdery products having a particle diameter of 40
to 80 mesh (Tyler). The absorbencies of the respec-
tive powdery products -for water and 0.9 % NaCl solu-
tion were measured by the method described in Example

1« Results are shown in Table 7.

Table 7 Absorbency (g/g)

Water . .0.9.%_NaCl Solution

Example 2 570 53

(Polymer¥*) (620) (57)
Comparative Sample 630 56

* Absorbency of the polymer contained in the powdery '
produdt
It is seen from Table 7 that the polymers of both

samples have substantié.lly the same absorbency.
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Thereafter, the absorption rates of both samples
ﬁere respectively measured. 0.5 g of the powdery
product of each sample was put in a tea bag made of a
nonwoven rayon fabric having a size of 7 cm x 7 cm.
The tea bag was put in a 0.9 %. NaCl solution, lifted
after predetermined periods of time and weighed to

measure the absorbency. Results are shown in Table 8.

Table 8 Absorption Rate

Absorbency (g/g)

Time(min) Example 2 (Polymer*) Comparative Sample

2 39 (43) 29

5 44 (48) 36
30 - 45 - (50) 46

60 45 (50) 52

With respect to the sample of Example‘ 2, the
absorbency thereof reached 90 % of the equilibrium
Value within 2 minutes and almost came to equilibrium
within 5 minutes. In contrast, with respect to the
comparative sample, the absorbency thereof reached
only 70 % of the equilibrium value within 5 minutes.
Incidentally, it is known that at equilibrium in the

case of the tea bag method is lower than that in the
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case of the method described in Example 1.
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what is claimed is:

1e A water absorbent crosslinked polymer having at
least 70 % by weight, based on the total weight of said
polymer, of acrylic acid monomeric units, 60 to 90 % of the
carboxyl groups of said acrylic acid monomeric units being in
the form of an alkali metal salt, produced b.y a method
comprising the steps of:

1) providing an aqueous solution comprising water, at
least 30 % by weight, based on the total weight of said
aqueous solution, of acrylic acid as a monomeric component,
60 to 90 % of the carboxyl groups of said acrylic acid being
in the form of an alkali metal salt, and a radical initiator;

2) mixing the aqueous solution with a fibrous cellulosic
material to obtain an agueous mixture, thereby enabling the
water of said mixture to smoothly evaporate at heating so
‘that when said mixture is heated in the followj‘.ng.step 3),
the maximum temperature of said mixture is controlled as a
result of a balance between the heat generation due to the
polymenization reaction and the heat radiation'by smooth
water evaporation due to the fibrous cellulosic material;

-3) heating the obtained mixture to effect polymerization
of said monomeric component, thereby obtaining a reaction
product containing a crosslinked polymer togetner with the

fibrous cellulosic material; and
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4) subjecting said reaction product to heat drying,

followed by pulverization.

- 24 A polymer according to claim 1, wherein 60 to 80 %
of the carboxyl groups of said acrylic acid is in the form of

an alkali metal salt.

3. A polymer accordihg to c¢laim 1, wherein in step 3),
the mixture is heated at a temperature of about 60 ® to about

110 °C.

4, A polymer according to claim 3, wherein the mixture

is heated at a temperature of about 80 * to about' 100 °C.

5. A polymer according to claim 1, wherein said
‘radical initiator is employed in an amount of 0.001 to 1.0 %,

based on the total weight of the aqueous solution.

6. A polymer according to claim 1, wherein the aqueous
solution is mixed with the fibrous cellulosic material in an
amount ratio of monomeric component to fibrous cellulosic
material of 95/5 to 50/50 by weight, so that when the mixture
is heated in step 3), the maximum temperature of the mixture

is controlled in the range of from just above 100 °C to about



0189163

110 °C.

7. A polymer according to claim 1, wherein said
aqueous solution further comprises as a monomeric component
" at least one member selected from the group consisting of a
water soluble crosslinkable polyfunctional monomer and a

water soluble copolymerizable monomer.

8. A polymer according to claim 1, wherein said
aqueous solution further comprises at least one member
selected from the group consisting of a water soluble post-
crosslinking agent, a wa?er soluble starch and a water

goluble cellulose derivative.

9. A polymer according to claim 7, wherein said
aqueous solution comprises water, 30 to 60 % by weight,‘based
on the total weight of said aqueous solution, of acrylic acid
. and a water soluble copolymerizable monomer as monomeric
components and a radical initiator,

sald copolymerizable monomer being selected from the
group consisting of methacylic acid, maleic acid, fumaric
acld, itaconic acid, acrylamide;-methacylamide and mixtures
thereof,

60 to 90 % of the carboxyl groups of each of said

acrylic acid, methacylic acid, maleic acid, fumaric acid and
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itaconic acid being in the form of an alkali metal salt,

the amount ratio of said acrylic acid to said copoly-

merizable monomer being at least 70/30 by weight.

10. A polymer according to claim 1, wherein said cellu-

losic material is a chemically purified pulp.

11. A polymér according to claim 10, wherein said
chemically purified pulp is a chemically purified wood pulp
or a chemically purified cotton linter pulp.

- 12, -A method of producing a water absorbent crosslink|ed
polymer having at least 70 % by weight, based on the total

" weight of said polymer, of acrylic acid monomeric units, 60

to 90 % of the carboxyl groups of said acrylic acid monomeric

units being in the form of an alkali metal salt, which |

:comprises the steps of:

1) providing an 'aqueous solution comprising water, at
~1easi: 30 % by weight, based on the total weight of said
aqueous solution, of acrylic acid as a monomeric component,
60 to 90 % of the carboxyl groups of said acrylic acid being
in the form of an alkali metal salt, and a radical initiator;

- 2) mixing the aqueous solution with a fibrous cellulosic

material to obtain an agueous mixture, thereby enabling the
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water of said mixture to smoothly evaporate at heating so
that when said mixture is heated in the following step 3),
the maximum temperature of said mixture is controlled as a
result of a balance between the heat generation due to the
polymerization reactioﬁ and the heat radiation by smooth
water evaporation due to the fibrous cellulosic material;

3) heating the obtained mixture to effect polymerization
of said monomeric component, thereby obtaining a reaction
product containing a crosslinked polymer together with the
fibrous cellulosic material; and

4) subjecting said reaction product to heat drying,
followed by pulverizationm.

13. A method according to claim 12, wherein 60 to 80 %
of the carboxyl groups of said acrylic acid is in the form of

an alkali metal salt.
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